INTRODUCTION
Psoriasis is now considered as an immune-mediated inflammatory disease of the skin affecting about 3% of the adult general population [1] . Although primarily a cutaneous disease, recent research implicates its association with systemic inflammation resulting in increased risk for atherosclerosis and subsequent cardiovascular disease (CVD) [2, 3] . The detailed pathophysiological mechanisms which lead psoriasis patients to atherosclerosis remain unclear; however the common inflammatory milieu the two diseases share is of rising significance [3, 4] . Hemostasis-maintaining platelets also have relevant functions in inflammation, with recent evidence show ing that thrombosis and inflammation are in fact two intrinsically linked processes [5] . Pathomechanisms of psoriasis involve platelet activation, as reported by several investigators so far [6] [7] [8] [9] . Increased platelet activation is also implicated in atherosclerotic plaque formation and plaque destabilization [10, 11] . Activation of platelets is associated with their degranulation and the subsequent surface expression of antigens, such as CD62P (P-selectin) and CD63, the decreased surface expression of CD42b (GPIb alpha) [12] , and the formation of platelet-leukocyte complexes [13] . In addition, the so-called platelet-derived microparticles (PMPs) [14] constitute a marker of platelet activation which, in recent years, has gained emerging importance. PMPs are membrane vesicles of a diameter of 0.1 to 1 μm generated from activated platelets in an exocytotic budding process. They display procoagulant and atherosclerotic properties, being reported to possess 50-to 100-fold higher specific procoagulant activity than activated platelets themselves [15] . PMPs are involved in inflammatory diseases [16] , as well as in atherosclerosis and CVD [17, 18] . Besides platelet activation, the chronic inflammatory burden of psoriatic patients may also be the trigger for the development of CVD, with interleukin (IL)-12 and IL-17 implicated in the pathogenesis of both diseases [19] [20] [21] . Interestingly, IL-17 has recently been shown to facilitate platelet aggregation [22] . Five studies so far have shown elevated PMPs in psoriasis patients [7, 8, [23] [24] [25] , two of them methodologically limited in PMP detection by using ELISA-based assays [7, 24] . PMPs were also shown, albeit not always [8, 23, 25] , to correlate with the activity of psoriasis, as assessed by the Psoriasis Area Severity Index (PASI) score [7, 24] . However, a possible association of platelet activation with cytokines identified as key players in psoriasis has not yet been examined, to the best of our knowledge. Therefore, the purpose of this investigation was to evaluate platelet activation markers in patients with psoriasis without overt cardiovascular complications, compared to healthy controls, by means of flow cytometry, and to determine the relationship between marker levels and the proinflammatory cytokine profile of psoriasis, as this was assessed by IL-12 and IL-17 levels.
MATERIALS AND METHODS

Study population
This hospital-based cross-sectional study was carried out in 40 patients with psoriasis without coronary artery disease (CAD), and 12 participants selected as healthy controls with age, sex, atherosclerotic risk factors (hypertension, hyperlipidemia, current smoking) and use of anti-hypertensive or lipid-lowering medication, similar to those of the patients with psoriasis (Table  1) . Eligible patients were given a diagnosis of plaque psoriasis for at least 6 mo. None of them had received relevant topical medications during the two weeks prior to the study and prior systemic therapy, if any, was interrupted for adequate wash-out period. Exclusion criteria for patients with psoriasis and healthy donors included disorders or drugs affecting platelet activity or likely to influence the outcome of the study, namely obstructive CAD (as defined by the absence of clinical history, angina, and reversible myocardial ischemia during a treadmill test and stress echocardiography), chronic inflammatory disease, psoriatic arthritis, familial hyperlipidemia, diabetes mellitus, moderate or severe valvular heart disease, primary cardiomyopathies, chronic renal failure, malignancies and the use of anti-platelet drugs and systemic steroids. All patients underwent exercise treadmill test and/or stress echocardiography as well as carotid and peripheral artery ultrasonography before blood sampling to exclude the presence of clinical significant CVD. Psoriasis patients were recruited from the inpatients' section and the outpatients' clinics of the Department of Dermatology and Venereology of our hospital, while controls were selected from visitors and hospital staff. Written informed consent was obtained from all participants before enrollment in the study. This study was conducted according to the Declaration of Helsinki principles, and was approved by the medical ethical committee of Athens University.
Blood collection
To avoid artificial platelet activation during collection of samples, blood was taken from the antecubital vein through a 21G needle following light application of a tourniquet; the first 2 mL of blood were discarded to avoid procedurally-induced platelet activation. Subsequently, 4 mL of blood were collected in plastic tubes without anticoagulant for assay of serum IL-12 and IL-17. Finally, 4.5 mL of whole blood were drawn into Vacutainer tubes containing 3.2% sodium citrate stock solution (1:9 volume) and mixed immediately, avoiding frothing during the procedure, for the estimation of platelet activation markers by means of flow cytometry within 45 min after blood collection. All patients and controls had ceased antihypertensive treatment and statins 48 h before blood sampling.
Flow cytometry
We examined platelet activation state using several markers because it is recognized that platelet activation is a complex process and measuring the classical degranulation markers alone may limit the ability to detect platelet activation under all circumstances.
Platelet surface markers:
Platelet membrane glycoproteins (GPs) expression was measured from whole blood. Five microliter of blood diluted to 100 μL with PBS per tube were incubated with CD36-PE and FITC labeled monoclonal antibodies against platelet markers that may be expressed in the basal state (CD41, CD42b, CD61) and markers that may be expressed upon activation (CD62P, CD63) (Biolegend, United States) for 10 min at room temperature. One milliliter of PBS was added and samples were analyzed via flow cytometry. Gating was performed using a forward/side scatter (FSC/ SSC) dot plot. Expression levels were measured for low FSC/SSC with CD36 positivity using the percentage of platelets with fluorescence over the cutoff set by running 4 samples from control patients ( Figure 1A ).
PMPs:
The technique used for PMP quantification was adapted from a previously described method [26, 27] . Plasma was separated from whole blood by centrifugation at 1500 g for 15 min. Recovered plasma was centrifuged for 2 min at 13000 g. Microparticles were labeled using FITC-conjugated Annexin V and PE-conjugated CD41 (Biolegend, United States). Fluorescent-conjugated isotype antibodies were used as controls and a suitable set of beads (Megamix, Biocytex, France) containing three types of beads with a defined size (0.5, 0.9 and 3 μm diameter) was used to identify microparticles via FSC/SSC and determine two PMPsize regions (0.5-0.9 μm and < 0.5 μm PMPs). Samples were diluted to 1 mL using binding buffer and analyzed Gate: R3 P = 0.748 and 5 ± 2 vs 3 ± 2; P = 0.791, respectively. Mean ± SEM for the fractions of platelets with reduced expression of CD42b was 8 ± 2 vs 10 ± 7; P = 0.397 for psoriasis patients and controls, respectively (Table 2) .
PMPs: PMP concentrations were markedly higher in psoriasis patients compared to controls (mean ± SEM: 22 ± 5/μL vs 11 ± 6/μL; P = 0.018). When considering PMP size, both smaller-size (mean ± SEM: 10 ± 2/μL vs 4 ± 2/μL; P = 0.033) and larger-size (12 ± 3/μL vs 6 ± 4/μL; P = 0.014) PMPs were higher in patients compared to healthy subjects (Table 2) .
Platelet-leukocyte complexes:
There was no significant difference in the percentage of circulating neutrophils or monocytes in whole blood which formed complexes with platelets between the two groups (mean ± SEM for PMC and PNC in psoriasis patients and controls respectively were 38% ± 4% and 27% ± 3% vs 33% ± 6% and 29% ± 5%; P = 0.723 and P = 0.775, respectively). However, significantly lower circulating PLC were observed in psoriasis patients (mean ± SEM: 16% ± 3% vs 23% ± 6%; P = 0.047) ( Table 2) .
Relationship between platelet activation marker levels and the inflammatory burden of psoriasis
A significant correlation was established between larger size PMPs and IL-12 levels (r = 0.55; P < 0.001) and between smaller-size PMPs and levels of both IL-12 and IL-17 (r = 0.58 and r = 0.49 respectively; P < 0.001).
Total PMPs also correlated with IL-12 levels (r = 0.56; P < 0.001). CD63 expression correlated well with levels of both IL-12 and IL-17 (r = 0.46; P = 0.011 and r = 0.43; P = 0.015, respectively). Increased PASI score was associated with increased levels of larger-size PMPs (r = 0.45; P = 0.011) and increased CD63 expression (r = 0.47; P < 0.01). Circulating PLC were found to be negatively correlated with PMPs (r = -0.44; P = 0.002), both with smaller-size (r = -0.28; P = 0.048) and larger-size (r = -0.4; P = 0.005) PMPs.
DISCUSSION
The exact mechanism of predisposition to CVD in psoriasis per se has not been fully elucidated so far. However, several lines of evidence highlight the potent role inflammation plays. Indeed, psoriasis patients, in addition to chronic skin inflammation, display a higher prevalence of CVD risk factors and metabolic syndrome components [28] which lead to systemic inflammation, and therefore atherosclerosis, CVD and myocardial infarction [2, 3] . Platelets have an important role in increasing inflammation, and pathogenetic mechanisms of both psoriasis and atherosclerosis may involve platelet activation [6] [7] [8] [9] [10] [11] [23] [24] [25] . The present study demonstrated that circulating platelets are in a state of activation in patients with psoriasis without clinically evident CVD compared to healthy subjects, as shown by a significant increase in circulating PMPs. It reinforces previous findings of using absolute counting, when available, on a Partec Cyflow (Partec, Munster, Germany) via volumetric count. PMPs were identified as dual-positive Annexin V-FITC/CD41-PE events in the microparticle region and count/μL was calculated via multiplying the count/mL of the cytometer with the dilution factor of 50 divided by 1000 ( Figure 1B) .
Platelet-leukocyte complexes:
In order to analyze platelet-monocyte complexes (PMC), platelet-neutrophil complexes (PNC) and platelet-lymphocyte complexes (PLC), 100 μL of whole blood, 20 μL of FITC-conjugated anti-CD41 (or negative control antibody) and 20 μL of PECy5-conjugated anti-CD45 (Biolegend, United States) were added into each tube, gently mixed, and incubated in dark, at room temperature for 15 min. Erythrocyte lysis was performed using 2 mL of Quicklysis solution (Cytogons, Spain). Samples were analyzed on a Partec Cyflow Space (Partec, Munster, Germany) within 30 min. Leukocyte populations were gated on a SSC/CD45-PECy5 dot plot and aggregates for each population were calculated as the percentage of monocytes, neutrophils and lymphocytes which were CD41-positive ( Figure  1C ).
Soluble IL-12 and IL-17
IL-12 was measured in serum using a commercially available kit (Human IL-12 p70 Quantikine HS ELISA Kit; R and D Systems, Minneapolis, United States). This assay detects values as low as 0.5 pg/mL. IL-17 serum levels were also measured by high-sensitivity immunoassay (Human IL-17A High Sensitivity ELISA; eBioscience, Vienna, Austria). The lower limit of detection of the assay was 0.01 pg/mL.
Statistical analysis
The independent-samples t test was performed to determine the significance level for differences between patient and control groups. Data were expressed as mean ± standard error of mean (SEM). Correlation testing (using Spearman rank correlation coefficient) was performed to assess the strength of relationships between multiple variables. A probability value of < 0.05 was taken to be statistically significant. Statistical Package for Social Sciences version 22.0 (IBM, Chicago, IL) was used for the analysis.
RESULTS
Baseline characteristics of the study population
We did not observe any significant difference in baseline characteristics between the two groups ( Table 1) .
Markers of platelet activation
Activation-dependent surface change: No significant difference was observed in CD62P, CD63 or CD42b expression between the two study groups. Mean ± SEM for the fraction of platelets expressing CD62P and CD63 in psoriasis patients and controls were 7 ± 2 vs 6 ± 3;
In the present study, PMPs proved to be the most "sensitive" index of platelet activation, whereas the classical platelet activation markers CD62P, CD63 and CD42b were not altered. To our knowledge, CD63 or CD42b expression in psoriasis had not been investigated so far. In contrast to our CD62P results, three previous studies have shown enhanced CD62P surface expression in psoriasis [6, 9, 33] . One other study was in concordance with our findings [34] . Although P-selectin has been considered by many the "gold standard" marker of platelet activation, it was shown that degranulated, P-selectin-positive platelets rapidly lose surface P-selectin to the plasma pool in vivo [35, 36] . Therefore, platelets may circulate in an increased state of activation but express normal levels of CD62P. In fact, it has been proposed that CD62P is a more reliable tool for monitoring platelet function at acute but not chronic stimulus of platelets [37] . The majority of our patients did not have a flare of their disease at the time of our study. Regarding platelet-leukocyte complexes as a marker of platelet activation, there is only one previous study measuring PMC and PNC in psoriasis [34] , also not managing to highlight a significant increase. There is no report in the literature concerning PLC in psoriasis, to the best of our knowledge. In the setting of CVD, it has been suggested that the formation of PMC is related to the development of atherosclerotic complications being a sensitive marker of platelet activation [38] . Contrary to our expectations for increased PLC in psoriasis pointing to platelet activation, lower PLC were measured in the bloodstream of our psoriasis patients compared to healthy controls. Our finding could be attributed to the adhesion of PLC in the inflamed skin microvasculature, on asymptomatic atherosclerotic lesions or both. Therefore, decreased blood concentration could merely reflect increased sequestration of the generated plateletlymphocyte aggregates on the vessel wall. With regard to this, it has already been shown in vivo that increased leukocyte rolling in murine skin and subsequent extravasation is due to the aggregate formation of platelets with mononuclear leukocytes [6] . Interestingly, a negative correlation was established in our study between PMP levels and circulating PLC.
Chronic inflammatory skin diseases and atherosclerosis share common pathogenic features in which pro-inflammatory cytokines play an important role [3, 4, 39] . In the inflammatory microenvironment present in psoriasis, IL-12 and IL-17 are of crucial importance [19] . This is underlined by the fact that the biologic agents ustekinumab and secukinumab are targeted against IL-12 and IL-17, respectively. IL-12 leads to the differentiation of type 1 T helper (Th1) lymphocytes, whereas IL-17A and IL-17F, secreted by type 17 T helper (Th17) cells, activate keratinocytes and induce the production of antimicrobial peptides. Notably, recent interest has focused particularly on IL-17-producing Th17 cells [40] . This cell type is specialized in immunosurveillance of epithelium, and it also secretes elevated circulating PMP levels in psoriasis patients [7, 8, [23] [24] [25] and adds to those findings by demonstrating for the first time, to the best of our knowledge, a positive relationship between PMP concentrations and high inflammatory psoriasis burden, as this was assessed by IL-12 and IL-17 levels, suggesting a close association between PMPs and psoriasis activity. It is also the first study to report a higher level of larger-size PMPs, in addition to small-size ones, in psoriasis patients. It is now accepted that PMPs are separated into four size classes with different active components and different functional effects on platelets and endothelial cells [29] , and therefore, elucidation of the size class(es) involved in psoriasis can help clarify PMP involvement in the disease and the mechanisms implicated in exertion of their effects. Pelletier et al [8] had previously showed that only small-size PMPs are increased in psoriasis.
The discrepancy with our results may be related to the different working definition of bloodderived PMPs in the two studies, based on the prerequisite or not of Annexin V (a phospholipid-binding protein that binds to exposed phosphatidylserine on the surface of activated platelets) binding. Annexin V positive PMPs are documented to elicit pro-coagulant activity, in contrast to little or no such activity possessed by Annexin V negative PMPs [30] . PMPs are involved in CAD by binding to the endothelium, submatrix of the vascular wall and leukocytes, thereby facilitating thrombus propagation [17, 18, 31] . They are also known to cause endothelial dysfunction [32] . In the setting of psoriasis per se, PMPs may well contribute to leukocyte recruitment in psoriatic skin lesions, given their known ability to increase leukocyte adhesion to the endothelium and to promote leukocyte activation by modulating leukocyte-leukocyte and leukocyteendothelial cell interactions [5] . Taken together, elevated levels of PMPs observed in psoriasis patients may be the contributory factor to development of atherosclerosis and the increased cardiovascular risk in those patients by triggering a cascade of events. The small number of controls and the absence of age/sex matching between patients and controls should be acknowledged as study limitations.
In conclusion, PMPs, known to be predictive of cardiovascular outcomes, are increased in psoriasis patients, and associated with high inflammatory disease burden. Enhanced platelet activation may be the missing link leading to cardiovascular events in psoriatic patients.
COMMENTS
Background
Psoriasis is a common immune-mediated inflammatory disease of the skin. Although primarily a cutaneous disease, recent research implicates its association with systemic inflammation resulting in increased risk for atherosclerosis and subsequent cardiovascular disease (CVD). Platelets have an important role in inflammation. Pathogenic mechanisms of both psoriasis and atherosclerosis seem to involve platelet activation.
Research frontiers
Enhanced platelet activation in psoriasis patients has already been established, but a potential association between platelet activation markers and the inflammatory burden of psoriasis has not yet been examined.
Innovations and breakthroughs
The present study demonstrated increased platelet activation in patients with psoriasis without clinically evident CVD compared to healthy controls, as shown by a significant increase in circulating platelet-derived microparticles (PMPs), a platelet activation marker which is known to be predictive of cardiovascular outcomes. It reinforces previous findings of elevated circulating PMP levels in psoriasis patients and adds to those findings by demonstrating for the first time, to the best of our knowledge, a positive relationship between PMP concentrations and levels of cytokines identified as key players in psoriasis, namely interleukin (IL)-12 and IL-17, suggesting a close association between PMPs and high inflammatory disease burden. Given the ability of IL-17A to promote platelet function, this finding is in favor of the view that inflammation and platelet activation may perpetuate each other culminating in the development of atherosclerosis. Furthermore, this is the first study, to the best of our knowledge, to report a higher level of larger-size PMPs, additionally to small-size ones, in psoriasis patients. It is now accepted that PMPs are separated into four size classes with different active components and different functional effects on platelets and endothelial cells, and therefore, elucidation of the size class(es) involved in psoriasis can help clarify PMP involvement in the disease and the mechanisms implicated in exertion of their effects. Taken together, the study concludes that the association between psoriasis and atherosclerosis may be related to excessive PMP formation.
Applications
Enhanced platelet activation may be the missing link leading to cardiovascular events in psoriatic patients. Future studies are needed to address the in vivo biological activity of PMPs contributing to CVD in patients with psoriasis, as well as the potential role of anti-platelet medications in psoriasis in the context of reducing both psoriasis activity and atherosclerotic risk.
Terminology
PMPs constitute a marker of platelet activation which, in tecent years, has gained emerging importance. PMPs are membrane vesicles of a diameter of 0.1 to 1 μm generated from activated platelets in an exocytotic budding process.
IL-22, a key cytokine linking adaptive immune effectors and epithelial dysregulation in psoriasis. Amelioration of epidermal hyperplasia during successful anti-TNF treatment is associated with reduced Th17 responses. Based on the current knowledge, it appears that Th17 cells are responsible for many of the inflammatory and autoimmune responses once attributed to Th1 lymphocytes. Apart from their implication in psoriasis pathogenesis, IL-12 and IL-17 are also involved in the development of atherosclerosis [20, 21, 41] . In this viewpoint, IL-12 and IL-17 release into the circulation by cell populations in inflamed psoriatic skin could exert harmful atherosclerotic effects. Taken the aforementioned data into consideration, the association of platelet activation markers, namely PMPs and CD63, with the levels of pro-inflammatory cytokines IL-12 and IL-17, demonstrated in our study, comes as no surprise. Interestingly, it has been recently shown that IL-17A can promote platelet function in patients with acute coronary syndrome via activating platelets ERK2 signaling pathway and may provide a novel target for antiplatelet therapies in CAD [22] . On the basis of the ability of IL-17A to promote platelet function, the view that inflammation and platelet activation perpetuate each other and cascade to the development of atherosclerosis is reinforced.
Features of psoriasis pathogenesis, including chronic inflammation and the proven platelet activation, may contribute to atherosclerotic risk in psoriasis. Our study has shown increased levels of PMPs, a marker of platelet activation, in psoriasis patients without overt CVD compared to healthy controls. This difference has been demonstrated for the first time in both smaller-size and larger-size PMPs. As PMPs express procoagulant phospatidylserine activities, facilitate thrombus propagation and provoke endothelial cell damage, elevated PMP levels could provide one of the missing links leading to increased cardiovascular risk in psoriasis. Furthermore, PMPs were higher in those patients with high inflammatory disease burden, as this was assessed by IL-12 and IL-17 levels, as well as in those patients with high PASI score, suggesting a close association between PMPs and psoriasis activity. Given the ability of IL-17A to promote platelet function, this finding is in favor of the view that inflammation and platelet activation may perpetuate each other and cascade to the development of atherosclerosis. Finally, we identified the presence of lower PLC in the bloodstream of psoriasis patients which could be attributed to their adhesion in the inflamed skin microvasculature, on asymptomatic atherosclerotic lesions or both. PLC levels negatively correlated with PMP levels. The clinical relevance of our findings, however, remains still disputed. While there is ample in vitro evidence of the potential downstream biological effects of microparticles (e.g., promotion of coagulation, regulation of inflammation, vascular damage) [42] , many of which are known to be important in atherogenesis, in vivo data in patients with psoriasis are lacking. In
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